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RESUME. - Extension geographique en mer Rouge de la sole 
egyptienne Solea aegyptiaca (Soleidae; Pleuronectiformes). 

Des captures recentes de soles egyptiennes, Solea aegyptiaca 
Chabanaud, 1927, dans le golfe de Suez confirment que cette espe- 
ce est anti-lessepsienne. Les migrations de teleosteens par le canal 
de Suez sont discutees. 
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The Egyptian sole, Solea aegyptiaca Chabanaud, 1927, is one 
of the 16 soleid species (Soleidae, Pleuronectiformes) inhabit¬ 
ing the Mediterranean Sea (Desoutter-Meniger, 1997). It is often 
confused with the common sole, Solea solea (Linnaeus, 1758), its 
sympatric species in the Mediterranean Sea (Quignard et al., 1984, 
1986). The differentiation between these species has been both 
assessed through molecular data studies (She et al., 1987b; Borsa 
and Quignard, 2001) and using morphological data (Vachon et al., 
2008). The Egyptian sole represents an important and overexploited 
species in the Egyptian Mediterranean fisheries (Mehanna, 2007; 
Ahmed et al., 2010). S. aegyptiaca is present in Mediterranean 
Sea, from Tunisia, southern extremity of the Adriatic Sea to Egypt 
(Desoutter-Meniger, 1997; Vachon et al., 2008), but considered as 
less frequent along the southern shores of the Mediterranean Sea. 
A specimen of S. aegyptiaca (MNHN 1995-0899) was reported 
by Chabanaud (1930) to have been caught inland, in Lake Nass¬ 
er, southwest of Cairo, but the putative presence in this artificial 
lake needs to be confirmed. Tillier (1902) mentioned that in 1900, 
between 500 to 600 soles were sold during the summer at the mar¬ 
ket of Ismailia on the west bank of the Canal of Suez (Fig. 1). He 
identified them as Solea lascaris, a species currently placed in the 
genus Pegusa. Norman (1927) identified these soles as S. solea, but 
Chabanaud (1930) reviewed these specimens and recognized them 
as S. aegyptiaca. Despite the fact that these specimens have only 
been collected at Ismailia, about halfway between the Mediterra¬ 
nean and the Red Sea, he suggested that S. aegyptiaca crossed the 
Suez Canal to reach the Red Sea. This suggestion was repeated in 
the species lists of the Mediterranean and Red seas (see for instance 
Steinitz, 1967 mentioning Solea vulgaris, a junior synonym of 
Solea solea) without further reference to captured specimens or 
reliable field data. Egyptian sole and common sole were mentioned 
as sympatric species in the Suez Canal by She et al. (1987a), while 
Mosaad and El-Sayed (1991) studied the biology of Solea vulgar¬ 
is (= Solea solea ) from the northwestern part of the Red Sea. We 
have been unable to find this work despite important bibliographic 
researches and the presence of this species in the Red Sea has not 
been yet documented or confirmed. Yet recently (17 July 2009), 



Figure 1. - Egypt map showing the capture site (*) of the two Solea aegyp¬ 
tiaca in the Gulf of Suez (17 July 2009). 


one of us (SB) collected two specimens of soles captured by local 
fishermen in the northwestern part of the Gulf of Suez. The objec¬ 
tive of this study paper is to document the identification of these 
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Figure 2. - Solea aegyptiaca. Specimen MNHN 2010-0447, ocular side. 
Scale bar: 10 mm. 


specimens and the resulting range extension of this Mediterranean 
species in the Red Sea. 


MATERIAL AND METHODS 

The two Solea specimens collected in the Red Sea are regis¬ 
tered in the MNHN collection under the references: MNHN 2010- 
0446, Red sea, 1 ex., alcohol, SL: 232 mm; MNHN 2010-0447, 1 
ex. alcohol, SL: 227 mm (Fig. 2). They have been compared with 
literature data and the following specimens: 

Solea aegyptiaca Chabanaud, 1927: MNHN 1902-0009, neotype desig¬ 
nated by Vachon et al. (2008), Ismailia, Egypt, coll. Tillier, 1 ex., alcohol, 
213 mm SL; MNHN 1899-0135, Ismailia, Egypt, coll. Tillier, 1 ex., alco¬ 
hol, 236 mm SL; MNHN 1995-0899, Lac Nasser, coll. POM, 2 ex., alcohol, 
195-292 mm SL; MNHN 1958-0022, coast of Israel, Mediterranean Sea, 1 
ex alcohol, 167 mm SL. 

Solea solea (Linnaeus, 1758): MNHN 2000-5638, Pertuis Breton, coast 
of Atlantic Ocean, coll. Lagardere, 1 ex, alcohol, 149 mm SL. 

Abbreviations of institutions follow Eschmeyer (1998). Char¬ 
acters used to identify the Solea species are from the species 
descriptions of Desoutter-Meniger (1997) and Vachon et al. (2008). 
Methods for meristics and morphometries follow Hubbs and Lagler 
(1947) except for eye diameter, which was measured on the ven¬ 
tral eye. These characters are: standard length (SL), head length 
(H), body depth (D), number of dorsal-, anal- and caudal-fin rays, 
number of pectoral-fin rays on both sides of the body, number of 
lateral line scales, number of precaudal and caudal vertebrae, angle 
of the urohyal. All meristic features, except for scale counts and the 
number of pectoral-fin rays were observed and determined from 
radiographs. The supracranial portion of the dorsal fin was codified 


using a 3-digit formula (Chapleau, 1989). The first digit indicates 
the number of pterygiophores associated with the erisma (first mod¬ 
ified pterygiophore). The next digit indicates the number of ptery¬ 
giophores inserted on the cranium. The last digit gives the number 
of pterygiophores inserted on the posterior side of the second verte¬ 
brae. The angle between ventral and dorsal branches of the urohyal 
was measured following Chabanaud (1929) and Desoutter-Meniger 
(1997). 


RESULTS 

The collected specimens have been compared to the two soleid 
species present in the Eastern Mediterranean Sea: Solea solea and 
S. aegyptiaca. Table I indicates meristic and morphometric data for 
the examined specimens and data from the literature. 

All the specimens present the same pattern of supracranial 
portion of the dorsal fin (0-l-(2-4)-(0-l), corresponding to pat¬ 
tern A defined by Chapleau (1989), and which is present in the 
genus Solea. Moreover, the examination of the studied parameters 
(Tab. I) shows that the specimens collected in the Gulf of Suez 
can be placed in precise species of the genus Solea. On the basis 
of the number of vertebrae (precaudal and caudal), the number of 
dorsal-fin rays (Tab. I), MNHN 2010-0446 and MNHN 2010-0447 
differ from the common sole and are Egyptian soles, Solea aegypti¬ 
aca. Nevertheless, the numbers of lateral line scales in the Red sea 
specimens are out of the range identified by Vachon et al. (2008) 
for S. aegyptiaca and may lead to consider these specimens as rep¬ 
resentatives of S. solea (Tab. I). But the numbers of vertebrae are 
quite unequivocal, while the number of lateral line scales is sub¬ 
jected to losses and miscounts. We consider that this later character 
is informative in a purely descriptive approach, but cannot be really 
useful to discriminate S. solea from S. aegyptiaca. These observa¬ 
tions lead us to confirm the presence of Solea aegyptiaca in the Red 
Sea. 


DISCUSSION 

Solea aegyptiaca is a well-known Mediterranean species, and 
its documented presence in the Red Sea (MNHN 2010-0446 and 
MNHN 2010-0447) is an element to consider it as an anti-Lessep- 
sian species, i.e., a species which had a range extension from the 
Mediterranean Sea to the Red Sea through the Suez Canal (Golani, 


Table I. - Meristic features for the studied specimens. *: data from Vachon et al. (2008); +: data from Desoutter-Meniger (1997). 



Specimens collected 
in the Gulf of Suez 

Solea solea 

Solea aegyptiaca 

2010-0446 

2010-0447 

2000-5638 

Range* 

1902-0009 

Range* 

Number of dorsal fin rays 

70 

72 

88 

74-89 

70 

65-76 

Number of anal fin rays 

60 

60 

72 

60-74 

59 

53-62 

Number of caudal fin rays 

20 

20 

20 

17-20 

20 

17-20 

Number of eyed side pectoral fin rays 

7 

8 

8 

7-9 

9 

7-10 

Number of blind side pectoral fin rays b.s. 

7 

7 

7 

7 

7 

7 

Number of lateral line scales (straight portion) 

148 

146 

123 

104-164 

126 

111-134 

Number of precaudal vertebrae 

9 

9 

10 

10 

9 

9 

Number of caudal vertebrae 

33 

33 

39 

36-41 

33 

32-34 

SL/D 

3.26 

3.24 

3.13 

2.4-3.4 

3.12 

2.8-3.5 

SL/H 

5.64 

5.00 

4.96 

4.2-5.8 

5.21 

4,2-5,6 

Angle of the urohyal (°) 

80 

86 

86 

87* (55-94)+ 

77 

87* (70-90)+ 
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1998a, 1998b; Boudouresque, 1999, 2008). Even if Lessepsian 
and anti-Lessepsian migrants are not true migrants from a biologi¬ 
cal perspective, as eels or salmons, but rather extensions of geo¬ 
graphical distribution dues to species dispersion; this corroborates 
the observations of Chabanaud (1930) and Steinitz (1967). This is 
the first confirmed mention of flatfish species that have expanded 
their range from the Mediterranean Sea to the Red Sea as a result of 
the construction of the Suez Canal. Por (1978) and Boudouresque 
(1999,2008) indicate that range extension of animals and plants in 
the Mediterranean Sea (referred to as Lessepsian species) are more 
numerous than range extension from the Mediterranean (referred 
as anti-Lessepian species). Galil (2009) and Bernardi et al. (2010) 
indicated the presence of 300 Lessepsian species of metazoans, 
including 85 fish species (Bilecenoglu et al., 2008; Lipej et al., 
2008) in the Red Sea and 10 were anti-Lessepsian species in the 
Mediterranean Sea, such as Muraena Helena (Randall and Golani, 
1995) Serranus cabrilla, Dicentrarchus labrax and D.punctatus 
(Dor, 1984). The reasons of such an asymmetric species movements 
have been discussed by Boudouresque (1999). They can be placed 
in two broad categories: hydrogeological and biological. From 
a hydrological perspective, the level of the Red Sea is 30-40 cm 
(average level) higher than the Mediterranean Sea (Tillier, 1902; 
Boudouresque, 1999). Consequently, the water tends to flow north¬ 
ward, at least 8 months a year, from November to the end of July 
(Tillier, 1902; Morcos, 1967; 1980; Boudouresque, 1999, 2008). 
This northward flow would have facilitated the migration of Red 
Sea species into the Mediterranean. In addition, the high salinity 
(45 ppt) of the Red Sea is an effective barrier for Mediterranean 
species that live in a less saline environment (39 ppt) (Tillier, 1902). 
From a biological perspective, species diversity is much higher in 
the Red Sea than in the eastern Mediterranean Sea (Golani, 1998a, 
1998b; Boudouresque, 1999). As a consequence, these two authors 
suggested that there are very few ecological niches vacant in Red 
Sea and that the opening of Suez Canal in 1869 has been and still 
is a gateway for Red Sea species to colonize the more depauperate 
ecosystems of the eastern part of the Mediterranean Sea. Neverthe¬ 
less, these statements remain highly speculative and are difficult to 
verify. 

The details of the processes of the geographical extension of 
anti-Lessepsian teleost species have not been yet studied in detail, 
as it has been for few Lessepsian fish species. Using molecular 
analyses, Hassan et al. (2003) on Upeneus moluccensis , Bonhom- 
me et al. (2003) and Azzurro et al. (2006) on Siganus rivulatus pro¬ 
vided information about the dynamics of these range extensions. 
We hope that similar studies could be performed on S. aegyptiaca 
and other anti-Lessepsian species for a better understanding of the 
dynamics of their southern range extension as a consequence of the 
construction of the Suez Canal. 
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